Abstract The use of environmental xenobiotics is increasing every day. We are now all dependent on synthetic substances in agriculture, pharmacy, petrochemical and food industries. Pesticides, when used correctly, have enormous benefits in increasing crop yield and improving the quality of agricultural produce.
Introduction
The use of environmental xenobiotics is increasing every day. We are now all dependent on synthetic substances in agriculture, pharmacy, petrochemical and food industries. In spite of the fact that every year many thousands of new chemicals are synthesized, there is an enormous lack of knowledge on their environmental properties such as distribution pathways in various compartments, bioavailability, toxicity, biodegradation, etc. Pesticides, when used correctly, have enormous benefits in increasing crop yield and improving the quality of agricultural produce. On the other hand, there is a considerable misuse and especially overuse of pesticides, resulting in their increasing concentration in surface and underground waters (Richardson, 1996) .
In Slovenia, underground water represents the main source of potable water. Its quality in some agricultural northeast areas is not adequate, as a consequence of intensive use of chemicals (nitrates, phosphates and pesticides) in the fields, accompanied with intensive industrial pollution (Velkavrh Pirc, 1998) . In recent years (1987 to 1998), the maximal allowable concentrations of pesticides (0.5 mg/l as a cumulative value and 0.1 mg/l for a single pesticide) were exceeded several times (up to 1.18 mg/l at Prekmursko polje in 1998). At the same time, amounts of nitrates in the underground waters in the northeast parts of the country are often higher than allowed (50 mg/l of NO 3 Ð is the highest acceptable value in drinking water, while the recommended value is 25 mg/l, according to European Union directives). In some regions with highly intensive agricultural production, even values of 60 to 70 mg/l were detected. Groundwaters in other parts of Slovenia, where less intensive agricultural activity is taking place, are less threatened. Pesticides were detected only in a small number of samples of surface waters. Atrazine was also the prevailing pesticide in surface waters (Velkavrh Pirc, 1998) .
Slovenian national monitoring on underground water includes analyses of 27 pesticides and their metabolites, which can be bought in the country. A significant improvement in water quality was detected in the last few years (1992 to 1996) and the number of samples at 83 sampling sites all over the country where pesticides were not detected was increasing every year. The number of samples where the allowed level of pesticides (according to Slovenian legislation) was exceeded has been decreased (37 in 1992 to 23 in 1996) . In spite of the fact that their use has not been allowed since 1994, the most often detected and widely spread pesticides in Slovenia appeared to be atrazine (more than 0.1 mg/l in almost all 83 samples of underground water in the period from 1992 to 1996) and alachlor (Velkavrh Pirc, 1998) . In some samples of underground waters high values of metachlor (0.9 mg/l), dieldrin (0.1 mg/l), and prometrine (2.4 mg/l) were also detected.
Atrazine and alachlor are herbicides, applied to the fields in the spring to control and avoid growth of weeds (Paterson et al., 1994) . While the majority of pesticides are adsorbed into the soil or degrade and accumulate in the unsaturated zone, portions of them remain in the aqueous phase. The movement of pesticides (volatilization, leaching, runoff, etc.) from their target area leads to the potential contamination of potable and other groundwater supplies (Richardson, 1996) . Therefore, it is important to assess the adverse impact of these chemicals on non-target organisms in the aquatic environment, which play a leading role in prevailing self-purification processes and help to maintain natural balance.
Materials and methods

Test compounds
Toxicity of atrazine, alachlor and pentachlorophenol to different aquatic organisms (water ß eas Daphnia magna Straus 1820, luminescent bacteria Vibrio Þ sheri (Cohn, 1987) , (Beijerinck, 1889) and green algae Scenedesmus subspicatus (Chodat, 1926) was determined. Atrazine and alachlor were selected as prevailing pesticides in Slovenian underground and surface waters. Tests with pentachlorophenol were carried out, because in the past it was often applied as a herbicide or wood impregnant (Richardson and Gangolli, 1994) . It was not detected in Slovenian surface or underground waters (Velkavrh Pirc, 1998) .
Toxicity testing with atrazine was limited due to its solubility in water. The sensitivity of test organisms to pesticides was compared. Experimental results were compared with available literature data. Tests were performed with commercially available mixtures. Radazin WP-50 (HERBOS d.d., Sisak, Croatia) contained, according to the manufacturer, 49.6% of atrazine, Lasso-EC (PINUS, Rac ù e, Slovenia) contained 45.1% of alachlor, while pentachlorophenol was pure substance (SERVA-Feinbiochemica GmbH and Co., Germany). All concentrations in the toxicity tests refer to the pure substances.
Toxicity to luminiscent bacteria Vibrio fisheri
A toxicity test with luminescent bacteria Vibrio fisheri was applied (DIN 38412, 1991) to determine the toxicity of tested substances on micro-organisms. The measured percentage of inhibition of luminescence after 30 minutes was drawn versus the logarithm of concentration of tested substances and the EC values were determined.
Toxicity to Daphnia magna
The impact of pesticides to water fleas was evaluated with the determination of the inhibition of the mobility of Daphnia magna (ISO 6341, 1982) . Tests were performed in duplicates using 10 organisms (in each duplicate) in 30 ml of test solution at 21 ± 2¼ C. After 24 and 48 hours, immobile daphnids in each replicate were determined. Percent of immobile daphnids for each concentration of the test compound were plotted versus concentration using the probit scale. EC 10 , EC 50 and EC 90 values after 24 and 48 hours were read out.
Toxicity to green algae
The toxicity of pesticides to autotrophic organisms was evaluated with measurement of growth inhibition and as inhibition on net assimilation of green algae Scenedesmus subspicatus (ISO 8692, 1989) , as well. The net assimilation of algae (24 hours acute toxicity test) was measured on Warburg apparatus (V166, Germany), while the toxic effect on growth was accomplished by measuring the clorophyll-a content of algae after 72 hours of exposure (Zagorc-Konc ù an, 1996) .
Results and discussion
Atrazine 28 mg/l of atrazine caused no inhibition of bioluminescence, while it was toxic to 20% of water fleas after 48 hours of exposure. It was more harmful to algae. This was expected, because atrazine is a herbicide. The EC values determined from curves of net assimilation inhibition and from growth inhibition curves are presented in Table 1 . The 72 hours EC 10 (6 mg/l) gathered in growth inhibition test was in the range of maximum detected values in Slovenian underground waters (7.3 mg/l at Dravsko polje in 1994) (Velkavrh Pirc, 1998) .
Alachlor
Results of the toxicity tests with daphnids and luminescent bacteria are presented in Table  2 . Daphnids were more sensitive than luminescent bacteria to alachlor. The EC 50 values for daphnids after 24 hours and luminescent bacteria were comparable (21.4/22.4), while slope of the bioluminescence inhibition curve was lower. The EC values after 48 hours were lower than the 24 hour EC values. Atrazine was less toxic to both test organisms than alachlor.
The EC values, evaluated from curves of net assimilation inhibition and from growth inhibition curves, are presented in Table 3 . Alachlor was more inhibitory to the growth of algae than to net assimilation, while atrazine inhibited net assimilation intensively. The comparison of the 24 hour EC 50 values, gathered in the net assimilation test (25 mg/l for atrazine and 75 mg/l for alachlor) indicated that atrazine was approximately three orders of magnitude more toxic to algae.
Pentachlorophenol
Results of toxicity tests with daphnids (24 hour EC values and 48 hour EC values) and luminescent bacteria are presented in Table 4 . Water fleas were more sensitive to pentachlorophenol than bacteria. According to the results, gathered with toxicity testing with Daphnia magna, the 48 hour EC 50 value (1.34 mg/l) was comparable to literature data (2 mg/l), while data on inhibition of bioluminescence was not. Determined 30 minute EC value was higher (12.4 mg/l) than that found in literature (Richardson et al., 1994) .
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Conclusion
Toxicity assessment of atrazine, alachlor and pentachlorophenol shows their environmental impact and hazard on non-target aquatic organisms. All substances were found to be toxic to selected aquatic organisms: daphnids, luminescent bacteria (Vibrio fisheri) and green algae (Scenedesmus subspicatus).
Alachlor was more toxic to daphnids and bacteria than atrazine. Like in the net assimilation inhibition test atrazine is found to be more harmful to growth of algae in comparison with alachlor. Its harmful impact matches the detected concentration in Slovenian underground waters. Pentachlorophenol was more toxic to daphnids and bacteria than atrazine and alachlor. Toxicity characterisation of atrazine, alachlor and pentachlorophenol as a part of their complete hazard assessment is necessary, because pesticides are spread widely from agricultural lands and they affect many ecosystems, including humans. At the same time, synergistic effects between environmentally present xenobiotics could appear and multiply their hazardous impact. 
